Conclusions Our findings suggest continuously improving accessibility and quality of obstetric services, in particular for women of non-German nationality. Still, inequity in maternal risk continues to exist. Maternal risk, however, is not determined by the simple distinction 'German' versus 'non-German'; its association with socioeconomic status extends beyond nationality.
Maternal mortality is a sensitive indicator for inequity in human and social development. 1 While the maternal mortality ratio (MMR maternal deaths per 100 000 live births and year) in Northern Europe and Northern America is 11, it is 390 in Asia and 1060 in Eastern Africa, 1 a 35-and almost 100-fold higher risk, respectively. In Europe and the US, a range of factors have contributed towards a decrease in maternal mortality since the 1940s: improved techniques like antibiotics and caesarean sections, a culture of quality of care, and improved accessibility of obstetric services. 2 However, inequity continues to exist, not only between but also within countries. Immigrants to England and Wales and minority groups in the US experience a 1.6-to 10.3-fold higher risk per live birth of dying from causes associated with childbirth, compared to women belonging to the majority population. Identified causal factors include later use of antenatal care; and a differential access to, and quality of, obstetric services. [3] [4] [5] In Germany, women of non-German nationality experienced a two times higher risk of maternal death compared to women of German nationality. 6 However, official figures are not adjusted for age and socioeconomic status, usually reflect single years (with a large variability in ratios), and lack information on causes of death. In consequence, they do not allow valid conclusions regarding trends in maternal mortality. We investigated the MMR and causes of maternal deaths in women of German and non-German nationality in the period 1980-1996, adjusting for age and year of death.
In 1995, 7.2 million foreign nationals resided in re-unified Germany (9% of the total population); 25% were women in
© International Epidemiological Association 1999 Printed in Great Britain
Trends in maternal mortality ratio among women of German and non-German nationality in West Germany, 1980-1996 Oliver Razum, a Albrecht Jahn, a Maria Blettner b and Pitt Reitmaier a Background Maternal mortality is a sensitive indicator for inequity in health. We describe recent trends in overall and cause-specific maternal mortality ratio among women of German and non-German nationality residing in West Germany.
Methods
Using birth and death register data for 1980-1996 we related 1067 cases of maternal death (ICD 9: 630-676) to 11.2 million live births. We assessed the effects of nationality and of marital status, a proxy for socioeconomic status, controlling for year of death and age of the mother in a Poisson regression model. 7 Nationality and marital status are the only proxies for socioeconomic status in German national statistics. In 1995, 26.1% of households with a non-German head of household were below the poverty line (defined as below 50% of the mean income), as opposed to 10% of households with a German head. 8 According to official data, 22% of unmarried mothers but only 2% of married mothers with children under 18 years of age were social welfare recipients in 1996. 7, 9 In 1995, 42.6% of one-parent households lived in poverty, compared to 16.8% of two-parent-households. 8 Our hypotheses were that the MMR is higher among women of non-German as compared to German nationality; and among non-married as compared to married women. Our study was explorative in regard to causes of maternal death and their change over time, with special attention to deaths from abortion which are reportedly higher among minorities. 3 
Results

Maternal mortality ratio in
Methods
The Federal Statistical Office provided annual birth and death register data for women resident in West Germany, 1980-1996. For each live birth and maternal death (ICD 9: 630-676), the following information was available: age (grouped in 5-year bands), nationality (German versus non-German passport), and marital status of the woman (married versus single, divorced or widowed). Table 1 details numbers of births and maternal characteristics by nationality in 1980 and 1996. For 215 live births (61 non-German and 154 German), information on the age of the mother was missing; for 2 deaths, both in 1993, information on the nationality of the mother was missing. These births and deaths were excluded from the analysis.
A numerator-denominator bias arises due to a peculiarity in birth registration in Germany: The newborn of a woman of non-German nationality married to a German father will be assigned German nationality; however, the woman would contribute to non-German maternal deaths. To avoid this bias, we used the number of mothers of non-German nationality giving live births as denominator (rather than the number of live infants of non-German nationality, which is up to 20% lower). A second bias arises as a consequence of the different modes of age notification in German vital statistics: for deaths, age at the last birthday is reported; for live births, the mother's age is calculated as the difference between reporting year and the mother's year of birth. Thus, assigned age of the mother is one year too high in about half of all live births, relatively to the way age at death is assigned. This results in erroneously low denominator figures in the age group Ͻ20 years and in an overestimate of their MMR. We corrected by shifting 50% of live births in each one-year age interval to the next lower interval. Stata 5.0 was used for the statistical analysis. 10 We first performed a stratified analysis by age group in two time periods of about equal length to describe age and period effects. We investigated whether interaction between nationality and time period was present and examined whether being unmarried further increases the risk among women of non-German nationality. Comparisons of rate ratios were performed with a χ 2 test for unequal rate ratios. Poisson regression models were used to simultaneously investigate the effects of nationality and marital status on the risk of overall and cause-specific maternal mortality, adjusting for year of death and age of the mother. 11 Different models were tested by comparing their dispersion, defined as deviance divided by degrees of freedom, with the appropriate χ 2 value. The dispersion for the final model was Ͻ0.9; a value Ͻ1.5 indicates absence of over-dispersion, confirming that the choice of a Poisson model was appropriate.
Results
Stratified analysis
Between 1980 and 1996 a total of 1067 maternal deaths and 11.22 million live births were reported. Figure 1 shows MMR by age group in two sub-periods of roughly equal length. The strong association of maternal mortality with age is visible. In 1989-1996 risk has decreased significantly in all age groups as compared to 1980-1988, with non-overlapping 95% CI. This decrease is most pronounced in the age groups Ͻ20 years and Ͼ39 years when pregnancies are considered 'high risk'.
Of the maternal deaths, 226 (21.2%) and 1.62 million (14.5%) of the live births were among women of non-German nationality, yielding a crude relative risk (RR) of 1.59 (95% CI : 1.37-1.84) over the whole study period. Figure 2 shows time trends of maternal mortality among women of German and non-German nationality. Both groups experience considerable absolute decreases in risk. In addition, the risk of nonGerman women appears to approach that of German women. An analysis stratified by time periods supports this: the risk for non-German women decreases by almost two-thirds, in absolute terms as well as relative to the risk of German women (Table 2) . A χ 2 test for unequal rate ratios indicates that the decrease in RR is significant (P = 0.02). This is suggestive of effect modification between time period and nationality, warranting stratification for time period when modelling. Over the whole period 1980-1996, age-specific RR among non-German women are significantly different from 1 only in the age groups 25-39 years, ranging between 1.7 and 2.5. The unadjusted RR of unmarried women compared to married women is 1.43 (95% CI : 1.19-1.68). Table 3 ) is given preference. Using this model, the adjusted RR among non-German as compared to German women over the whole time period is 1.66 (95% CI : 1.43-1.93); the risk of unmarried as compared to married women (all nationalities) is 1.79 (95% CI : 1.50-2.13). Table 4 shows adjusted rate ratios relating the risk of nonGerman women with a given marital status to that of German women of the same marital status, stratified by time period. In the second time period, as compared to the first, being unmarried no longer conveys an additional risk among nonGerman women.
Poisson modelling
Cause-specific mortality
The most common causes of maternal death according to the predefined groups of ICD diagnoses are embolism (191 cases), hypertensive disease of pregnancy (168 cases) haemorrhage (118 cases) and puerperal causes (118 cases). Cause-specific mortality decreases significantly over the two time periods in all ICD groups. The decrease is most pronounced for abortion (in 80 out of 84 cases spontaneous; age-adjusted RR of second versus first period: 0.24, 95% CI : 0.16-0.46) and ectopic pregnancy (RR = 0.30, 95% CI : 0.15-0.61), and smallest for embolism (RR = 0.66, 95% CI : 0.50-0.88) and medical preconditions (RR = 0.66, 95% CI : 0.45-0.96). The only ICD group where the two nationality groups show significantly different levels of decrease is abortion. Age-specific rates show a consistently higher mortality from abortion among non-German women in the age groups between 20 and 39 years in 1980-1988. This excess is no longer present in the second time period. Table 5 presents cause-specific RR of maternal death by nationality and marital status, using the Poisson regression model 6. Abortion carries the highest RR of mortality for women of non-German nationality. Their RR decreases from 4.58 (95% CI : 2.77-7.58) in 1980-1988 to 1.30 (95% CI : 0.38-4.48) in 1989-1996. The risk of death from hypertensive disease of pregnancy, too, is elevated among women of non-German nationality; the RR does not decrease over time, though. These observations indicate that the drop in risk of abortion-related deaths contributes over-proportionally to the secular decrease in maternal mortality risk among women of non-German nationality.
Discussion
Limitations and bias
The RR of maternal death among women of non-German nationality compared to West German women, adjusted for age, year of death and marital status, was 1.67. This is lower than the RR among most groups of foreign-born women in England and Wales in 1970-1985 (1.6-10.3) 5 and of black minorities in the US in 1990 (3.3). 3 Could our findings be due to bias? In Germany, maternal mortality registration is based on death certificates on which a box has to be ticked if death is from causes associated with childbirth. As in most countries, reporting is not complete. 12, 13 This would affect the validity of our main findings only if completeness differed by nationality, which would be conceivable only in very early or late maternal deaths outside the hospital in the presence of language problems. Not all maternal deaths undergo necropsy, and resulting findings are not routinely included in the death statistics. 14 Thus, the precision of cause-of-death assignment is low; we took this into account by only analysing broad groups of ICD diagnoses. We did not analyse the risk of medical interventions as the available data are not based on a confidential inquiry; their accuracy may thus be low. Parity was found to contribute to differences in maternal risk in the US 4, 15 but not in England and Wales. 5 In this study, data on parity at death were not available, so we could not adjust for it. In re-unified Germany, the proportion of women of nonGerman nationality among mothers with у6 live births is 35%, as opposed to a 14% share in total deliveries (1995, only married couples of non-German nationality). 7 The age-specific RR of non-German women (Τable 3) are highest in the age groups Ͼ30 years when many West German women have their first baby (Τable 1) whereas non-German women may already be multiparous. Our adjusted risk estimates thus fail to account for a possible contribution of higher parity to the risk of nonGerman women. Unlike in the paper by Ibison et al., 5 a detailed breakdown by nationality groups was not possible due to data protection regulations. It might be argued that northern and western European women have a lower risk; but due to their small number, they will not markedly dilute the risk of the group of non-German women as a whole.
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Interpretation of the trends in risk
Between 1980 and 1996, MMR in West Germany decreased markedly despite an increase in the proportion of births among women with an unfavourable risk in terms of age, marital status and nationality (Table 1) . It can therefore be assumed that improvements in antenatal and obstetric services have contributed. The decrease appears most pronounced among women Ͻ20 and Ͼ39 years, and among women of non-German nationality. This indicates that high-risk groups have improving access to services.
The significant secular decrease in crude RR experienced by women of non-German nationality largely disappears after adjusting for age and marital status (Tables 2 and 4 ). This can be explained by an increasing proportion of German women giving birth at higher ages (Table 1) , thus incurring a higher absolute risk. Also, a change in the effect of marital status contributes: after 1988, non-German nationality is no longer an additional risk factor among unmarried women. A likely explanation for this observation is that being unmarried and being of nonGerman nationality increasingly measure similar aspects of socioeconomic disadvantage and its effect on maternal risk.
The all-cause RR estimates of non-German versus German women are stable over time after adjusting for differences in age and marital status; maternal mortality among non-German women is thus decreasing parallel to that of German women. In other words, non-German women equally benefit from the improving quality and accessibility of obstetric services in West Germany. Additional evidence for improved access for nonGerman women is provided by the over-proportional decrease in their risk of dying from abortion. In the US, the black-white differential is greatest for pregnancies that do not end in a life birth, such as spontaneous and induced abortions. 3 This is explained by delayed antenatal booking among minorities. In Germany, late booking has been observed among women of non-German nationality as well. 16 However, among Turkish women, the largest single nationality group, the problem is of decreasing importance. 17 An individual case analysis of maternal deaths in the federal state of Bavaria 1983-1996 confirms a decrease in the unadjusted RR among women of non-German nationality, both for all causes and for abortion. 14 Ibison et al. 5 found no clear evidence for an effect of lower socioeconomic status on the risk of maternal death; they assumed that an increased incidence of obstetric conditions among immigrants partly accounts for their higher RR. Our findings point in a different direction: socioeconomically disadvantaged women, as defined by the risk marker 'unmarried', do incur a significantly increased risk of maternal death in West Germany. This increase persists over time, at least among women of German nationality, in spite of a general liberalization of societal norms and an increase in the proportion of single mothers ( Table 1) .
The compulsory health insurance system in Germany aims to avoid maternal deaths through universal antenatal and obstetric coverage to all resident women. Our findings suggest that the existing obstetric services in West Germany are moving towards that goal, reaching women of German as well as of non-German nationality. It remains to be studied whether the persisting difference in adjusted RR can be explained by higher parity and by differences in socioeconomic status alone. The epidemiological analysis of maternal mortality data show that the risk of a maternal death is not determined by the simple distinction 'German' versus 'non-German'. The association with socioeconomic status extends beyond nationality. In order to better support high-risk groups, emphasis should be put on intervention strategies that decrease, or compensate for, social inequity. 
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